Introduction

B
oth smoking and obesity increase the risk of several serious lifestyle related medical conditions, including cardiovascular diseases 1, 2 and the most common types of cancer, such as lung cancer, breast cancer and diverse cancers of the gastrointestinal tract. 3, 4 As these conditions may lead to death, smoking 5, 6 and obesity 7 as their risk factors are also associated with increased mortality, both among women and men. 7, 8 In addition, smoking and body weight are also interrelated. Smoking is associated with lower body weight, 9 possibly by enhancing total energy expenditure, 10 while smoking cessation is associated with weight gain.
11,12 Quitting smoking and decreasing weight are hard to achieve, and better understanding is needed of their joint associations, namely, whether smoking is similarly associated with the risk of premature death among non-obese and obese people. This is especially important in midlife as the risk of morbidity and mortality associated with smoking and obesity-related illnesses increases, and as weight gain is very common during midlife. 13 The joint association of smoking and obesity with mortality has been studied in a few previous studies. [14] [15] [16] [17] [18] [19] [20] In all of these studies with varying populations obese smokers have had clearly elevated risk of death compared to obese non-smokers, while normal-weight smokers have had a higher risk of death than normal-weight nonsmokers. However, in some studies 15 analyses are not adjusted for health behaviours such as alcohol use or physical activity. Is possible that health behaviours bundle together 21 and if these are not adjusted for their mutual effects may distort the results. Some previous studies have focused on youth 18 or retired 16 people. Some other studies have had a wider age-range, including participants in their twenties and in their nineties. 14, 19 Although the analyses have been adjusted for age, such adjustment may not fully control for the very different risks and causes of death among young and elderly people. Thus, very wide age distributions may be unable to provide reliable estimates of the risks among specific age groups, such as middle aged. In addition, smoking, obesity and mortality are shaped by gender, socio-economic position and marital status and these factors are important to take into account. 22, 23 Only one previous study provided estimates of death risk among presumably healthy employees.
14 However, the study participants had been exposed to radiation which may have increased their risk of cancer deaths. Studying occupational cohorts provides advantages as the participants are assumedly relatively healthy at baseline due to the healthy worker effect. Thus underlying health problems possibly confounding the results are less likely than among general populations. In addition, morbidity and premature mortality during midlife are major societal and public health issues and thus worth of particular interest.
While prior studies consistently suggest that obese smokers have a clearly elevated risk of death, what is not known is whether this effect is additive or synergistic. Synergistic effect would mean that the joint association of obesity and smoking with subsequent risk of death is more than one would assume by just adding the two effects. If synergistic interaction is present, those with both risk factors have a particularly increased risk of death. This should also considered in interventions aiming at promoting healthy lifestyles. Hence there is a need to examine in detail the associations between smoking, obesity and mortality during midlife.
The aim of this study was to examine the joint associations of smoking and obesity with premature all-cause and cancer mortality among a midlife multi-occupational employee cohort, taking into account the contribution of covariates that have been shown to associate with smoking, obesity and mortality, namely sociodemographics, 22 ,23 other health behaviours 24, 25 and self-rated health. 26 . In addition, we aimed to inspect whether the risk of smoking and obesity is additive or synergistic.
Methods
Data sources
This study is part of the Helsinki Health Study, an ongoing cohort study on midlife employees of the City of Helsinki, Finland. 27 Baseline mail survey questionnaire was sent to all employees turning 40, 45, 50, 55 and 60 years during years 2000-2002 (n = 8960, response rate 69% among women, 60% among men). The survey included questions on health and health behaviours as well as sociodemographics and working conditions among other factors. According to the non-response analysis, 27 the data represent the target population satisfactorily with men, manual workers and younger employees being somewhat underrepresented among the respondents. The employees represent several hundreds of different white-collar and blue-collar occupations.
The survey data were linked prospectively with register-based mortality data of Statistics Finland for those that gave consent to such linkage (74%). Deaths (n = 229) until the end of year 2013 were included and the final sample contained 6437 employees (83% female). According to the analyses of non-consenting to data linkage the consenters represent the target population satisfactorily. 27 The mortality data include causes of death.
Smoking and weight
Baseline questionnaire included questions whether the respondent currently smokes or has smoked cigarettes, cigars or pipe. 99% of the smokers were cigarette smokers. In addition, the amount of smoking was asked. According to the responses, smoking was categorized into non-smokers and smokers, and more specifically into neversmokers, ex-smokers, moderate (less than 15 cigarettes per day) and heavy smokers (15 cigarettes per day). Those with missing data on smoking were excluded (n = 42) from the main analyses. Self-reported weight and height were derived from the baseline questionnaire and BMI was calculated according to the standard formula, weight in kilograms divided by squared height in meters. Weight status was categorized as non-obese or obese, using BMI 30 as a cut-off value. Underweight respondents (n = 62), pregnant respondents (n = 15) and those with missing data on weight or height (n = 49) were excluded. Underweight participants were excluded as the number of deaths among underweight was so low that reliable analyses was not possible.
The joint variable of smoking and weight was then formed using the following groups: non-obese ex-smoker, non-obese moderate smoker, non-obese heavy smoker, obese never-smoker, obese exsmoker, obese moderate smoker and obese heavy smoker. Nonobese never-smokers were used as the reference category in the analyses.
Covariates
Covariates included both sociodemographic variables and health behaviours as well as health variables. More precisely, age, gender, occupational class, marital status, alcohol units consumed, physical activity and self-rated health were included. Covariates were obtained from the baseline questionnaire, except for occupational class, which was obtained from the personnel register data of the City of Helsinki and completed from the questionnaires for those not consenting to register linkage.
Age was treated as a continuous variable. Occupational class was categorized as manual worker, routine non-manual employee, semiprofessional or manager/professional. Managers and professionals were considered as a reference group as their mortality risk is considered lowest. 28 Marital status was categorized as married/ cohabiting, single, divorced and widowed. Married and cohabitating served as a reference group as mortality is considered to be lowest among married and cohabiting. 23 Alcohol consumption was asked as weekly consumption of spirits, wine and beer and each unit was converted to 12 g units of pure alcohol. The consumption was divided into quartiles. The lowest quartile was used as a reference group as particularly heavy alcohol use is associated with mortality. 25 Leisure time physical activity was asked as average weekly hours of leisure-time physical activity of different intensities (e.g. brisk walking, jogging) and converted to MET hours. 29 The MET-hours were divided into quartiles. The highest quartile was used as a reference group as those exercising most have lowest mortality rates. 24 Self-rated health was assessed with a single question derived from the Short Form 36 Health questionnaire (SF-36). 30 Good health was used as a reference group. Poor selfrated health is as a strong and independent predictor of negative health outcomes and death. 26 
Ethical considerations
The Helsinki Health Study protocol has been approved by the ethics committees of the Department of Public Health, University of Helsinki, Finland and the City of Helsinki Health Authorities.
Statistical methods
First, descriptive statistics were calculated. Next, Cox proportional hazard models were used to analyse the joint association between smoking, obesity and mortality due to any cause and due to cancer. Men and women were analysed together as no statistically significant interaction was observed between gender, weight status and smoking. Model 1 included age and gender as covariates, Model 2 was additionally adjusted for occupational class and marital status. Model 3 is a fully adjusted model, including all covariates (age, gender, occupational class, marital status, alcohol units consumed, exercise habits and self-rated health). As the effects of the covariates were small (data not shown), we preferred to show their effect only in the fully adjusted model and not individually.
We additionally examined whether smoking and obesity had a synergistic or additive interaction effect on mortality. This was calculated using the algorithm 31, 32 . Synergy Index has been used in several epidemiologic studies to analyse additive interactions. 33 Synergy Index below 1.0 suggests that studied exposures weaken each other's effects. A synergy index of 1.0 implies perfect additivity, whereas Synergy Index above 1.0 indicates synergistic interaction. Thus, if the SI is above one, the joint association of smoking and obesity with subsequent risk of death is more than additive, i.e. more than one would assume by only summing the two effects. That would imply that those with both risk factors have a particularly increased risk of death. SAS 9.3 was used in the analyses of the data.
Results Table 1 presents the distributions of all the study variables by joint smoking and obesity status. There were 229 deaths among 6437 employees (3.6%). The majority of the deaths were caused by cancer (55%/n = 127), cardiovascular events (19%/n = 43) being the second most frequent cause of death (data not shown). The most common death attributed to cancer among both women and men was lung cancer (n = 29). The mean number of daily smoked cigarettes was 7 among moderate smokers and 21 among heavy smokers (data not shown). Obese heavy smokers had the highest all-cause and cancer mortality, while non-obese heavy smokers had the second highest mortality rate. The lowest mortality rate was observed among nonobese never-and ex-smokers. Table 2 shows the risk of all-cause and cancer death according to smoking and weight status. Using Cox proportional hazard models adjusting for age and gender, non-obese heavy smokers had a clearly elevated risk of death due to any cause (HR 2.98, 95% CI 2.05-4.32) ( Table 2 ) when compared to non-obese never-smokers. Obesity strengthened the association as the risk of death among obese heavy smokers was higher (HR 3.46, 95% CI 1.87-6.40). However, there was no synergistic interaction as the Synergy Index was 0.92 (95% CI 0.37-2.30). Non-obese moderate smokers had a slightly elevated risk of death due to all-cause (HR 1.84, 95% CI 1.20-2.80), but the risk of death was not elevated among obese never-, ex-or moderate smokers. Adjusting additionally for socioeconomic position and marital status had only minor effect on the risk estimates (Table 2) . Self-rated health, alcohol use and the amount of exercise attenuated the association most, however, the association remained after full adjustments among non-obese heavy smokers and obese heavy smokers (HR 2.27, 95% CI 1.51-3.39 and HR 2.46, 95% Cl 1.30-4.66, respectively).
Similar to all-cause mortality, the risk of death due to cancers among non-obese heavy smokers was elevated (HR 2.94, 95% CI 1.79-4.82) ( Table 2) . Also the risk among non-obese moderate smokers was elevated (HR 1.86, 95% CI 1.08-3.22). Obesity strengthened the association, as the risk of death due to cancer was notably stronger (HR 4.57, 95% CI 2.14-9.76) and a synergistic interaction was suggested (SI 1.60, 95% CI 0.53-4.86). The synergy index did not reach statistical significance. This implies that the joint association of obesity and smoking with subsequent cancer mortality may be more than additive, i.e. more than one would assume by summing up the two effects. Ex-smokers' risk of death was not elevated irrespective of their weight status. Adjusting additionally for occupational class and marital status had only minor effect on the risk estimates (Table 2) . When adjusting for self-rated health, alcohol use and the amount of exercise the attenuation was largest among obese heavy smokers. The Pattern was similar to all-cause mortality as after full adjustments the risk remained among nonobese heavy smokers (HR 2.25, 95% CI 1.32-3.85) and among obese heavy smokers (HR 3.06, 95% CI 1.38-6.78).
Discussion
This study examined the joint association of smoking and obesity with premature death due to all-cause and due to cancer during midlife among women and men. The main finding was that heavy smoking increases the risk of premature death, both due to any cause and due to cancer. In addition, also moderate smoking increases the risk of death. This study shows that obesity notably intensifies the effect of smoking on mortality.
Smoking has been consistently proven to increase the risk of death. In addition, smoking appears to be associated with a reduction of cancer survival 34 and CHD survival. 35 Our study provides further confirmation to earlier studies that have found that obese smokers are especially subject to a high risk of death. [14] [15] [16] [17] [18] [19] [20] However, in our study obese moderate smokers did not have statistically significantly elevated risk of death, even though nonobese moderate smokers faced such a risk. This result is to be interpreted with caution as the number of participants in this category was small, which broadens the confidence intervals greatly. In addition this group was female-dominated and their other health behaviours may be less detrimental compared to male-dominated heavy smokers. In light of previous research even small amounts of tobacco products are detrimental to health and our results do not imply that moderate smoking is not harmful. Ex-smokers' risk of death was not elevated, irrespective of their weight status. It is known that the adverse effects of smoking do decline after smoking cessation. Our results are thus in line with previous studies. 2, 6, 20, 35 The joint association of smoking and obesity appears to be additive when considering all-cause mortality, meaning that there is no synergistic interaction between obesity and smoking in relation to allcause mortality. However, when considering mortality due to cancer, there is suggestive evidence of synergistic interaction as Synergy Index was above 1, but statistical significance could not be reached. This implies that smoking and obesity possibly intensify each other's effect on cancer mortality. Mechanisms behind the potential synergistic interaction were beyond the scope of this study. One can speculate that the low-grade inflammation process associated with obesity further increases the adverse effect of smoking. 36 Further studies are needed in order to corroborate our results and to understand the underlying interaction more thoroughly.
We also examined the role of various covariates. Sociodemographics such as marital status and occupational class had a small effect on the estimates, although such factors are known to associate with obesity, smoking and mortality. As expected, further adjustments for self-rated health, alcohol use and the amount of exercise all attenuated the associations more, especially among obese heavy smokers.
The number of men was quite small in this study due to the fact that study sample consisted of municipal employees. As we wanted to analyse death risk due to cancer in addition to risk for all-cause death, genders were combined together to allow reliable analyses. This was possible as there was no statistically significant interaction between gender, weight status and smoking. However it is known that life expectancy, the impact of marital status and typical cancers are known to vary by gender. Thus as a sensitivity analyses men were analysed separately for the risk of all-cause death (data not shown). Analyses showed that the results among men were comparable as the non-obese heavy smoker men and obese heavy smoker men had the highest risk of death
In consideration of the practical implications of our results it is worth to notice that smoking is the number one preventable cause of death in the worldwide. When considering unhealthy life-style factors smoking cessation 37 appears to be more successful than weight reduction. 38 Thus encouraging people to stop smoking is essential. This is especially important among obese smokers, as their risk of premature death is notably high.
Our study focused on midlife employees who are of interest as employee cohorts are assumedly healthy and able to work, thus decreasing the risk of confounding the results caused by underlying health problems. In addition, it is worth to understand what the role of modifiable health behaviours is in terms of preventing premature death. Prevention of life-style-related chronic illnesses is most cost-effective during mid-life when the willingness to participate in prevention programs is highest. 39 Other strengths of this study are the large survey data that is multi-occupational and the possibility to gather reliable register data on mortality. However it should be noted, that the data on smoking and weight is selfreported data. Self-reports may lead to underreporting of both smoking and weight, leading to conservative risk estimates. However, our previous study showed that self-reported weight corresponds to measured weight well 40 in the Helsinki Health Study cohort. It should also be noted that the response rate among men was somewhat lower than among women. According to the nonresponse analyses 27 especially younger, manually working men were somewhat underrepresented in this study.
Conclusions
This study shows that smoking is associated with increased premature mortality during midlife and older people. Obesity strengthens this association further and thus obese smokers have particularly high risk of death due to any cause and due to cancer.
It is important to promote smoking cessation in general and among obese smokers in particular.
